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Introduction
The rate of postharvest deterioration is affected by
temperature (Wills et al., 1998). The rate of metabo-
lism reactions within the physiological temperature ran-
ge generally increases exponentially with an increase
in temperature, however, in the case of climateric fruit,
low temperatures can be used to delay ripening (Wills
et al., 1998). Nevertheless, subtropical and tropical fruit
are especially sensitive to chilling, and chilling injury
(CI) is produced (Melvin, 1982). CI is the result of im-
balanced metabolism and loss of cellular compart-
mentalization at suboptimal temperatures. This causes
the release of metabolites from cells that, together 
with the degradation of cell structure, also provide 
an excellent substrate for the growth of pathogenic 
organisms, especially fungi. In addition, browning often
appears as a result of the enzyme polyphenol oxidase
on phenolic compounds released from the vacuole after
chilling. Another consequence of CI is the development
of off-flavors or off-odors, with an accumulation of 
toxic products of metabolism, such as acetaldehyde
(Wills et al., 1998). Decreasing fruit f irmness and 
color, increasing of ethylene production, or development
of a gel-like consistency in the flesh are consequences
of CI on some fruits (Woolf et al., 1997).
The symptoms of CI normally occurs while the pro-
duce is at low temperature, but sometimes it will only
appear when the produce is removed from chilling tem-
peratures to higher temperatures (Wills et al., 1998).
Persimmon fruit cultivar Rojo brillante is a clima-
teric fruit. It is an astringent variety from subtropical
zones, possessing excellent size and flavor. Someti-
mes fruit are stored too long at low temperatures be-
fore removing astringency. The removal of astringency
is usually carried out in closed chambers with high
concentration of carbon dioxide (92-98% CO2) from
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Abstract
Persimmon (Diospyros kaki L.) cv. Rojo brillante fruits were held at 1ºC, 8ºC and 15ºC (85-90% relative humidity),
and evaluated after 13, 20, 27 and 34 days to study fruit quality changes during storage. Flesh firmness decreased and
colour or acetaldehyde increased during storage. Fruit kept at 15ºC showed the highest total soluble solids and colour
index values across most of the storage times. Fruit stored at 1ºC had the highest firmness. The greatest levels of ace-
taldehyde were found in fruit kept at 8ºC. A gradual increase of total soluble solid were detected in fruits kept at 1ºC.
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Resumen
Calidad de frutos de caqui cv. Rojo brillante durante el almacenamiento a diferentes temperaturas.
Frutos de caqui (Diospyros kaki L.) cv. Rojo brillante fueron conservados a 1ºC, 8ºC y 15ºC (85-90% humedad re-
lativa), y evaluados después de 13, 20, 27 y 34 días con la finalidad de estudiar los cambios en la calidad durante la
conservación. Durante el almacenamiento la firmeza disminuyó, y el índice de color y el acetaldehído aumentaron.
Los frutos conservados a 15ºC mostraron los mayores valores de sólidos solubles e índice de color, en la mayoría de
los tiempos de almacenamiento. Los frutos conservados a 1ºC presentaron la mayor firmeza. Los niveles de acetal-
dehído más elevados se encontraron en frutos mantenidos a 8ºC. Se observó un incremento gradual en sólidos solu-
bles totales en los frutos conservados a 1ºC.
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20 to 24 h, at 20ºC. During cold storage reduction in
flesh f irmness is a problem that impairs successful
shipping and marketing. There is no information about
how different storage times and temperatures affect
this cultivar. The objective of this study was to eva-
luate the affect on quality of persimmon fruit Rojo 
brillante of different storage conditions for periods of
up to 34 days.
Material and Methods
Fruit preparation and storage
Persimmon fruit Rojo brillante were harvested when
they were full orange colored while still firm and as-
tringent, during 2000 season from a local grove in L’Al-
cudia (Valencia, Spain) and transported the same day
to the experimental station, where fruit were sorted to
eliminate obvious defects and then cooled overnight
to 15ºC. Fruit were randomly divided into groups and
stored at 1ºC, 8ºC or 15ºC (85-90% relative humidity).
Fruit quality was assessed after 13, 20, 27, and 34 days
of storage.
Fruit quality assessment
Flesh firmness was determined with a Texturome-
ter Instron universal machine (model 4301, Instron
Corp., Canton, Mass., USA) using an 8 mm plunger.
Results were expressed as the load (kg) to break the
flesh in each fruit on opposite sides after peel remo-
val. Fruit firmness values are an average of 10 fruits
per treatment.
Skin colour was evaluated on samples of 20 fruit per
treatment with a Minolta colorimeter (Model CR-300,
Ramsey, NY, USA). Hunter parameters L, a, b were
measured and results were expressed as skin colour in-
dex (Jiménez-Cuesta et al., 1981).
Skin colour index = 1000a/Lb
Sample preparation for biochemical analysis invol-
ved samples of 15 fruits per treatment divided into
three replicates, where each fruit was cut in four lon-
gitudinal parts. Two of the opposite parts were placed
in an electric juice extractor. Filtered juice was used
to determine total soluble solids (TSS) and acetal-
dehyde content. The other opposite parts were sliced
and frozen (–20ºC) to determine soluble tannins.
TSS was measured twice from each replicate, with
a digital refractometer (Atago, model PR1), and re-
sults were expressed as ºBrix.
Acetaldehyde content was determined on three re-
plicates of juice samples by headspace gas chroma-
tography (Ke and Kader, 1990). Five ml of the f ilte-
red juice was transferred to 10 ml vials with
crimp-top caps and sealed with teflon silicone. Sam-
ples were frozen (–20ºC) until analysis. For the analy-
sis, the samples were put in a water bath at 20ºC for
1 h, followed by heating at 60ºC for 10 min. One ml
sample of the headspace was withdrawn from the
vials and injected into a gas chromatograph (Perkin-
Elmer, model 2000, Norwalk, Conn., USA), provided
with a flame ionization detector and 3.17 mm × 1.2
m Poropak QS 80/100 column. The injector, column
and detector were set at 175ºC, 150ºC, and 200ºC res-
pectively, and the carrier gas at 0.85 Bars. Acetal-
dehyde was identif ied and quantif ied by comparison
of retention times with those of a standard solution
and results were expressed as mg acetaldehyde in 100
ml of juice.
Soluble tannins were evaluated using the Folin-
Denis method as described by Taira (1995). This co-
lorimetric method is based on the reduction of Fo-
lin-Denis reagent by soluble tannins in alkaline
solution. The calibration curve was made with gallic
acid. Soluble tannins were assayed three times from
frozen replicates. Five grams of the sample were pla-
ced directly into a solution of 25 ml of methanol
80%, and were homogenized with a high-shear pro-
be mixer (Polytron, model PT 2100, Kinematica, AG
Inc., Lucerne, Switzerland). Thereafter, samples we-
re f iltered and centrifuged at 14,000 rpm for 20 min
at 4ºC and the supernatant was reserved. More su-
pernatant was extracted from the precipitant with me-
thanol 80% and added to the f irst supernatant. The
total supernatant was brought to 100 ml with distilled
water. One ml of this sample solution and 6 ml 
of distilled water were mixed and vortexed. There-
after, 0.5 ml of 1N phenol reagent (Folin Ciacalteu
reagent) were added and shaken well. After 3 min, 1
ml of saturated Na2CO3 was added, vortexed, and 1.5
ml of distilled water was added. Absorbance was 
measured after 1 h with a colorimeter (Perkin Elmer,
Norwalk, Conn., USA) at 725 nm. Soluble tannins
were expressed as ppm.
External and internal quality of the fruit was also
assessed visually by observing internal browning
(IB) or external browning (EB). IB or EB were 
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def ined as absent (none), slight (< 25% of the cut
surface or total skin), medium (25-50% of the cut
surface or total skin) or severe (> 50% of the cut 
surface or total skin). The IB and EB index were 
calculated for sample of 15 fruit per treatment as 
follows (Ben Arie et al., 1991):
Main IB or EB index (0-10) =
= (no. without browning x 0) + ( no. with slight
browning × 2.5) + (no. with medium browning × 5) +
+ (no. with severe browning × 10)/15
Statistical analysis
All data from determinations were subjected to
analysis of variance (ANOVA), using Statgraphics 2.1
(Manugistics, Inc., Rockville, Md., USA).
Results
Fruit quality assessment at harvest
Freshly harvested persimmon fruits were characte-
rised by high firmness, low acetaldehyde content and
high soluble tannin content, indicating their high as-
tringency. Neither internal nor external browning or
other visual damage was found.
Fruit quality assessment after storage
The effect of temperature on firmness during sto-
rage is shown on Fig. 1. Measurements of f irmness
showed a decrease through storage time at all tempe-
ratures, however, the specific behaviour depended on
storage temperature. After 13 d of storage, a sharp de-
crease in firmness was observed for fruits stored at 8
and 15ºC. However, persimmon fruits stored at 1ºC
maintained firmness up to 20 d of storage, and a de-
crease was observed after 34 d of storage.
The colour index increased with storage time and
temperature (Fig. 2). Fruit stored at 8ºC or 15ºC for 13
d exhibited an increase in colour index as compared to
freshly-harvested fruit, whereas fruit stored at 1ºC
maintained its initial colour for more time.
TSS of fruits stored at 1ºC increased continuously
through storage time (Fig. 3). Fruit stored for 13 days
at 1ºC or 8ºC had a similar TSS to freshly harvested
fruits, but higher values were observed in fruit kept
at 15ºC. TSS of fruit stored at 15ºC increased from
the f irst to the second storage period, but remained
steady through the rest of storage time. Different be-
haviour was observed in fruit stored at 8ºC, since















1 ºC 8 ºC 15 ºC
Figure 1. Effect of temperature storage on firmness (kg) of per-
























1 ºC 8 ºC 15 ºC
Figure 2. Effect of temperature storage on colour index
















1 ºC 8 ºC 15 ºC
Figure 3. Effect of temperature storage in TSS (°Brix) of per-
simmon fruit cv. Rojo brillante. Error bars indicate standard de-
viations.
TSS values increased and decreased through stora-
ge time.
Storage time affected acetaldehyde content since a
general increase was observed over time (Fig. 4). Ho-
wever, the rate of increase depended on storage tem-
perature. Acetaldehyde content increased after harvest,
although for fruit stored at 1ºC acetaldehyde content
did not increase until the last storage time. Acetal-
dehyde build-up was temperature dependent. The 
greatest increase corresponded to fruits stored at 8ºC.
Fruits stored at 15ºC showed intermediate behaviour.
Freshly harvested fruit showed a high level of solu-
ble tannins responsible for their astringency (Fig. 5).
Fruit astringency declined during storage.
No IB or EB were detected on persimmon fruit. Du-
ring storage, signs of other damages were monitored,
such as growth of pathogenic organisms, and chilling
injury development shown as gel-like consistency, ab-
normal softening, and development of internal cavi-
ties (Woolf et al., 1997; Wills et al., 1998).
Discussion
Increase of temperature or storage time reduced
firmness and increased the colour index of the fruit.
Monzini and Gorini (1982) also confirmed that firm-
ness of persimmon fruit decreases during storage, and
similar results in firmness of other fruit were found by
other authors (Johnston et al., 2001; Grochowicz et al.,
2001). Ragazzini (1985) showed that colour evolution
depends on storage temperature. The effect of storage
temperature on the colour of citrus was studied by Tat-
sumi (2000), who confirmed that the peel colour chan-
ged when fruits were stored at temperatures above 10ºC.
The higher values in TSS at 15ºC is a good indica-
tion that ripening of the fruit has been accelerated by
temperature. However, after 34 days storage at 1 or
15ºC similar values in TSS were achieved in fruit, but
the rate of increase depended on storage temperature.
Prolonged storage usually produces an accumula-
tion and increase in volatile content of fruit (Martínez-
Jávega et al., 1991; Graell et al, 2001). In these expe-
riments, storage time affected acetaldehyde content
since a general increase was observed with time. The-
re was not a relation between increasing acetaldehyde
content and temperature increase, since the greatest
values were found in fruits stored at 8ºC, followed by
fruits stored at 15 and 1ºC.
Fruit astringency declined during storage. This is
not surprising in view of previous reports showed a de-
crease in fruit astringency as fruit ripened (Ragazzini,
1985; Herrero and Guardia, 1992).
In general, our experiment showed a decrease in so-
luble tannins with an increase in acetaldehyde pro-
duction. Arnal and Del Río (2003) reported that there
was a relation between astringency removal and ace-
taldehyde content, since soluble tannins become inso-
luble, mainly because of the polymerization or con-
densation with acetaldehyde. After 34 days of storage,
the levels of acetaldehyde produced by fruits stored at
different temperatures were correlated with small dif-
ferences in soluble tannins.
Some authors have shown that symptoms of CI nor-
mally occurs while the produce is at low temperature
but sometimes will only appear when the produce is
removed from chilling temperature to a higher tempe-
rature (Collins and Tisdell, 1995; Wills et al., 1998).
In our experiments, no visual damage or CI was ob-
served. Perhaps this was due to the fact that persim-
mon fruits were not transferred to a higher tempera-
ture after cold storage.























1 ºC 8 ºC 15 ºC
Figure 4. Effect of temperature storage on acetaldehyde pro-
duction (mg/100 ml) of persimmon fruit cv. Rojo brillante. Error























1 ºC 8 ºC 15 ºC
Figure 5. Effect of temperature storage on soluble tannins (ppm)
of persimmon fruit cv. Rojo brillante. Error bars indicate stan-
dard deviations.
As conclusions, flesh firmness, acetaldehyde, co-
lour index, TSS and soluble tannins showed some chan-
ges with storage time and temperature. Persimmon
fruit Rojo brillante stored at 1ºC maintained higher
firmness, and lower skin colour index than fruit sto-
red at 8 or 15ºC, but no significant differences in firm-
ness were found after 34 days storage. In addition, this
storage temperature did not increase acetaldehyde le-
vels to the same extent as those caused by storage at
8ºC and 15ºC storage. More research will be required
to identify the response of stored persimmons to high-
CO2 atmospheres in order to be exploited commer-
cially. Nevertheless, the response to time-temperatu-
res arrays will provide a useful tool for improving
subsequent market handling.
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